I. Introduction
The Human Development Report 2011 (HDR) of the United Nations Development Programme (UNDP) [1] was used for a Conference on Sustainability and Social Justice [2] . In chapter 2 of the HDR, the correlation between carbon dioxide emissions world-wide, and the Human Development Index (HDI) as well as its components are investigated. Carbon dioxide is a green house gas that probably contributes to man-made climate change. While it is uncertain how much carbon dioxide from fossil-fuel combustion contributes to this change, it is certain that sooner or later fossil resources will come to an end. Therefore, for sustainable development fossil-fuel consumption must be reduced and the correlation between carbon dioxide emissions and HDI and components as a measure of development is being investigated. HDI is composed of 3 components: income (I), education (E) and health (H). HDI and its components are all indices with positive values between 0 and 1. All countries are ranked according to their HDI. HDI is the geometrical mean of its components:
(1) HDI = ( I*H*E ) 1/3 This is the cubic root of their product. The index for the combined non-income components of HDI should be ( H*E) 1/2 , i.e. the square root of their product. Details may be seen in the Technical Notes at the end of HDR [1] . As there are contradictions in figures, text, and obvious errors in data processing in Chapter 2 of HDR [1] , the figures were reproduced in this paper with some changes. The publisher of HDR, the Human Development Office (HDRO), was contacted but did not provide requested data or comments. Therefore, their data base was used, and required additional data taken from the figures wherever possible. This will be shown in the following chapter.
II. Methods
The black dots of Fig. 1 and Fig. 2 in this paper are black and white reproductions from the coloured Fig. 2 .1 of chapter 2 of HDR p. 26 [1] , showing per capita carbon dioxide emissions over HDI and components. The empty circles in Fig. 1 correspond to data from the database of the Human Development Office (HDRO) in 2007, used by HDR authors. Therefore, the empty circles should coincide with the black dots, which is not always the case. Small but systematic horizontal and vertical differences between dots and circles existed for HDI on the right-hand side of Fig.1 . These were as small as 2 pixels at a horizontal figure extension of over 1000 pixels and might be due to poor graphical precision. Therefore, the dots were shifted by this small amount in this part of Fig. 1 to make them better coincide with the circles from the database. A further justification for this procedure is the fact, that the dots never reach the 0 level of Carbon dioxide emission in the HDR figure, although some of these emissions were rounded down to 0 in the data base. This is evidence for graphical imprecision. The bold curves in Fig. 2 and Fig. 1 including the horizontal lines in the latter, were calculated and drawn here as subsequently discussed. In Fig. 2 In Fig. 2 on the left-hand side the positions of the empty circles were calculated from the data base as the geometrical mean, i. e. the square root of the product of the non-income components. The thin curve therein corresponds to a polynomial of degree 3, also called cubic parabola. Its parameters were found by a regression analysis and this curve will be discussed later. For better comparison the dot pattern in Fig. 1 and Fig. 2 was transformed using a linearisation method with modified exponential functions that look like (modified) population growth curves over time. The readers who are not interested in the mathematical details may skip the next paragraphs, but should note, that the variables are transformed in order to get straight lines.
An exponential function may be linearised by taking logarithms, which is done here. A transformed variable T is used instead of the carbon dioxide emissions and defined in the following equation: All emissions are given in tonnes per capita and per year. Parameter A is found by fitting for optimal linearity. A further justification for the introduction of A is the fact that some emissions in the data base are rounded down to 0 and the logarithm of 0 is minus infinity. T is given an exponent n to further improve linearity and the final dependent variable is ln(T n ) = n*ln(T), where ln is the natural logarithm. The index HDI and components are also transformed dividing them by 1 -F*T n , where F is an appropriate positive factor. Both F and n are fitted for optimal linearity. The transformed index variable may be greater than 1, as can be seen in Fig. 3 . The parameters were also used for the bold curves in Fig. 1 and Fig. 2 left-hand side and are shown in Table 1 together with the slope S and the ordinate intercept Q of the straight line. The linear correlation coefficients r for this line were calculated. The justification for this transformation will be discussed later. The linearised equation is: . S is the calculated value; the slopes in Fig. 3 are adjusted to get equal levels for the minimum and maximum emissions in all three parts of the figure for better comparison. Parameter n changes r only in the transformation of indices. Fig. 2 .2 of the HDR shows the correlation between the changes of carbon dioxide emissions and changes of HDI and its components. The authors did not give the time interval for the changes nor at what time the data were taken. They give as source the HDRO database for 2007, where these data could not be found. They did not provide the data on request. Their figure is reproduced here as Fig. 4 . As the data weren't available, they had to be evaluated graphically for the calculation of the correlation coefficients r . The corresponding sloped lines were calculated and drawn together with the horizontal lines, which will be discussed later. Data for the analysis of the mentioned changes in this paper were selected using the HDRO database corresponding to 1990 and 2008, i.e. for a time interval between these years. The position of the circles in Fig. 5 were calculated with these data, the calculated correlation coefficients r shown and the corresponding lines drawn. As the used data are no more to be found at their original site in the HDRO data base, they are given here in the appendix. As the non-income components were not in the database , their combined index was calculated indirectly using (HDI 3 /I) 1/2 .
III. Discussion
The black dots from the original HDR figure reproduced in Fig. 1 and Fig. 2 of the present paper show some oddities. On the right hand side of Fig. 1 there are some black dots for the HDI, where corresponding black dots for its income component on the left-hand side, at the same emission level, are missing, although the income component is necessary for HDI calculation. These dots are marked with horizontal lines. In HDR's Readers Guide, p. 123, [1] it is mentioned that data had been eliminated because they were unreliable. How is it Fig. 2 on the right-hand side there are some dots at negative combined non-income components. How did the HDR authors get a negative mean from positive components?
Wrong Data Manipulation in UN Article on Correlation between Human Development Index (HDI
The empty circles corresponding with data of HDRO database in Fig. 1 and Fig. 2 right-hand side show, that a lot of data had not been used in the original figure by the HDR authors. They did not provide the data used for their figure on request. On the left-hand side of Fig. 1 , two clusters of empty circles corresponding with unused data can be seen. Both are at relatively high income index levels, but one group shows higher and the other lower emissions of carbon dioxide. It is statistically improbable, that unreliable data form clusters in certain areas, if there is a plausibility to be in that area. Let us look, which countries these circles correspond to.
High carbon dioxide emissions arise in Qatar, Kuwait, United Arab Emirates, Bahrain and the state of Trinidad and Tobago. Most of these countries are oil producing countries of the Middle East with a relatively high average income and a lifestyle with high carbon dioxide emissions. Therefore, the plausibility for these countries to be in that area of the figure is a given. Interestingly, Qatar is mentioned in the HDR as the country with the highest carbon dioxide emission, but it does not appear in the diagrams of the HDR (see Fig. 1 ).
Low carbon dioxide emitters are Andorra, Austria, Denmark, France, Hong Kong, Iceland, Netherlands, Norway, Singapore, Sweden, Switzerland and the United Kingdom. It is doubtful, that they all provide unreliable data. All the mentioned countries are highly industrialised, but have a relatively low carbon dioxide emission due to high environmental standards. Therefore, plausibility is a given as well. In France, a highly industrialised nation, the emission is especially small, because about 75 % of electricity is provided by nuclear power plants.
Are there other reasons why these data have been eliminated? The curves drawn in the original HDR figures, replaced here by the shown bold curves (see below), correspond to polynomials of degree 3, also called cubic parabolas. These show a minimum, an inflexion point and a maximum, in or close to the figure area. An example is shown as the thin curve on the left hand side in Fig. 2 . The dot pattern does not show such features. Therefore, such curves are inappropriate here.. On the left hand side of Fig. 1 a cubic parabola involving all available data showed a worse fit than those without the unused data, determining cubic correlation coefficients as an estimate of fitting quality. It is unknown which data were used in the area with crowding dots, because not all dots could be allocated to their corresponding data in this area. However, the impact on the correlation coefficient would be small enough to provide a reliable result for the correlation coefficient, by using all data in this area and omitting only those that could be identified as unused by the HDR authors for comparison with the procedure using all available data. The elimination by the authors may be a case of inappropriate data selection, in order to get a better fit for their inappropriate curve. In this paper all data were taken and appropriate curves selected, although this involves more work than with standard cubic parabolas. The dot patterns in Fig. 1 and the left hand side of Fig. 2 are approximated by the bold curves, which represent modified exponential functions and look like (modified) population growth curves over time. By the way, population growth is also an important factor for development and should not be neglected, but this paper is focussed on the other factors dealt with in Chapter 2 of HDR.
The mentioned additional transformation of HDI and components bends the bold curves in Fig. 1 and 2 a bit to the left at higher carbon dioxide emission levels. Here is the area of mainly high income and high emission countries of the Middle East, that are more or less authoritarian, which reduces HDI, because of deficits in the non-income components. That's why the bending is stronger in HDI and especia;lly non-income components.
The high linear correlation coefficients r linked to the good linearity of the pattern presented in Fig. 3 and Table 1 show that our mathematical modelling is suitable for the data, and that a high correlation between the carbon dioxide emissions and the indices exists in all cases. All correlation coefficients are relatively close to the maximum 1. This mathematical model does not explain the correlation; it was the purpose to show that such a correlation exists in all cases, contrary to the statements in the HDR, as subsequently discussed.
A logarithmic transformation is a standard procedure, while the used modifications are not standard. They are not meant to be introduced for general application, but were only introduced here because it is much easier to compare straight lines than curves. A further advantage of logarithms is the fact that they extend data at small values and squeeze them at high values, leading to a more uniform distribution of the pattern in Fig. 3 . For the definition of the income component a similar transformation is used involving also logarithms, see Technical Notes at the end of HDR [1] . This also produces a more uniform distribution, while unfortunately in reality low incomes are crowding and high incomes are rare.
The model might have no real life basis, although such a relationship could approximately be realised when in developing countries industrialisation enforces further industrialisation. This phenomenon was once called industrialising industry in Algeria [3] , where this paper's author, working there, could see that focussing mainly on heavy industry did not provide everything the people need. A further requirement for the model to be at least approximately realistic is a proportionality of the indices and time over a certain range, because time is Fig. 3 and scales differ slightly for the different components due to the modifications. The geometrical mean of the non-income components does not match the dots in Fig. 2 right-hand side. (3) does match most dots there , as shown by the circle positions calculated with this equation. Here again, many data have obviously not been used. The equation does not make much sense, and the HDR authors should explain what they have done, when they got negative mean values from positive components whithout any comment.. Fig. 2 left-hand side shows the correct pattern using the geometrical mean of the non-income components for health and education calculated in this paper from the HDRO database.
HDR states: "The association with carbon dioxide emissions per capita is positive and strong for income, positive for the HDI and non-existent for health and education" ( [1] p. 26 ) . This is only true for income, the other indices also show a strong correlation proven by the high linear correlation coefficients in Fig.  3 and Table 1 . In the HDR the authors reveal that a correlation with HDI does exist, but that it is weaker than with its income component, but there is no significant difference. They are driven by intuition and don't give quantitative results. This intuition may have helped using more data in Fig. 1 right-hand side by them, pulling down their cubic parabola to the area of high HDI and low emission and "weakening" the correlation.
Thus, they state further that: "This result is of course intuitive: activities that emit carbon dioxide into the atmosphere are those linked to the production and distribution of goods. Carbon dioxide is emitted by factories and trucks, not by learning and vaccinations" ( [1] p. 25 )". This result would be desirable, but it is incorrect. Intuition is telling us that learning or education and vaccination or health systems do not produce carbon dioxide emissions? All students and teachers walk around, use bicycles to reach their wooden schools and universities, windmills or solar panels providing power for their electrical cars and they all have solar heating? And the same is true for pharmaceutical products and buildings, where they are produced in, as well as for medical staff and hospitals? Reality is telling us, that this brave new world does not (yet) exist. So strong was the intuition of the HDR authors, that they even made those statements including Fig. 2 .1 in the HDR summary. And in their corresponding press release they state: "While CO 2 -emissions have been closely linked with national income growth in recent decades, fossil-fuel consumption does not correspond with other key measures of human development as life expectancy and education." The latter has been shown to be wrong in this paper. Fig. 2 .2 of the HDR shows the correlation between the changes of carbon dioxide emissions and changes of HDI and its components. Fig. 4 reproduces their figure, replacing their standard cubic parabolas by sloping straight lines. Cubic parabolas are completely inappropriate here, because no (such) structure can be recognized in the unstructured dot clouds. Furthermore, the cubic correlation coefficient is nearly equal to the linear one. If the structure were represented by a cubic parabola, the cubic correlation coefficient should be significantly higher than the linear one. Like in Fig. 1 , in the centre of Fig. 4 there are HDI values without the necessary components on both sides, marked by horizontal and short vertical lines. Again, the question remains unanswered, how did the authors calculate the HDI without the data of their components? The calculated correlation coefficients r are relatively close to their minimum 0 ( r may be -1, which is the maximum for negative correlations, but here all correlations are positive ). The precision of the calculation is not very high, because data had to be extracted graphically. Furthermore, it is possible, that dots overlapped. As this is more likely in the centre, where dots are crowding, the impact on the calculated correlation coefficient r should be small. Addition of data in the centre of the dot clouds would not change r significantly.
Statements in the HDR are contradictory: Although the report mentions that a sample of 135 countries for the period between 1970 and 2010 was used for the analysis of carbon dioxide emissions ( [1] p. 23), the graphical evaluation method shows approximately 100 used data points. If they were really taken in year 2007 as indicated in the HDR figures, this would exclude a period up to 2010. In the data base for Fig. 1 and Fig. 2 over 170 data sets were available. All these contradictions remain unexplained.
Results of the analysis in this paper are presented in Fig. 5 . The sloped lines drawn through dots in both Fig. 4 and Fig. 5 do not mean that a linear relationship exists. Corresponding linear equations are used for calculation of the linear correlation coefficients r in the figures. Looking at the signs of changes, we find a relatively high amount of positive changes for carbon dioxide emissions in Fig. 4 , which have been reproduced from HDR and for indices there are a lot of negative changes. This is not the case in Fig. 5 , where positive changes for carbon dioxide emissions and negative ones for indices are rare for the period between 1990 and 2008. According to the Kuznets curve, carbon dioxide emissions decrease after an initial period of increase [5] . 
IV. Conclusion
It is important to correct the wrong statements of the HDR here, because it may lead policy makers to wrong decisions on investments. If only the income component of the HDI had a significant ecological footprint, one could think it would be wise limiting the income and investing in education and health systems. Although the latter would be desirable, it would not significantly reduce the impact on carbon dioxide emission. Other or additional measures have to be undertaken for this to happen.
It should also be avoided that such erroneous findings ckkould become "common knowledge", because they are cited by others world-wide without checking, which is already happening, e. g. [6] . This reminds of the famous "high iron content in spinach" based on erroneous laboratory results decades ago, but cited again and again. It was shown mathematically and by reasoning here that the intuition of the HDR authors mislead them. Contrary to them, it was shown that a strong correlation exists between the carbon dioxide emission and the Human Development Index HDI, or its non-income components . The difference in the emissions between the income and the other components found by the HDR authors is due to improper data selection, possibly calculation errors and the use of cubic parabolas as an unsuitable mathematical model. Instead of adapting a better model, they obviously chose the data that fitted best their model. Presumably also calculation errors occurred, which in this case could easily have been detected, as negative mean values were obtained from positive components, which is impossible.
The statement in the HDR [1] that change in carbon dioxide emission is correlated with change of HDI, is doubtful, as it is based on incomplete data, use of cubic parabolas as a completely unsuitable mathematical model, and possibly improper data selection. The authors contradict themselves in their own report, and in the presented paper no such correlation was found with complete and unselected data. It is strongly recommended that the authors review the erroneous part of Chapter 2 of the Human Development Report 2011 [1] and the corresponding parts in the report summary and the press release.
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